Five kinds of mesoporous carbons (disordered mesoporous carbons (DMCs) which contain ink bottle (DMC-1) and cylinder structure (DMC-2), ordered mesoporous structure (OMCs) including lamellar (OMC-1), hexagonal (OMC-2) and cubic structure (OMC-3)) were selected to study the morphology and temperature on the electrochemical capacitive performance. Cyclic voltammetry and galvanostatic charging−discharging measurements are performed, and the results show that the OMC-2 has the best integrated electrochemical performance owning to synergistic effects of the hexagonal mesostructured and ordered pore arrangement. Moreover, the temperature on the pore structure and electric performance of DMCs was also studied, and the results show that too high temperature(1600°C) would result in disruption of pore structure which would further lead to the worse electric performance.
INTRODUCTION
To satisfy the high demand of energy requirements, several energy storage devices such as lithium or sodium battery, fuel cell battery, flow battery, lead acid battery and Electrical double layer capacitors (EDLCs) have been developed [1] [2] [3] . Among of them, EDLCs are one new type of the representative energy storage and devices that have advantages of high power density, high safety, environmental friendliness and convenient to operation over a wide temperature range [4, 5] . Porous carbons with controllable pore size, tunable pore structure [6, 7] , surface area, low cost and easy handle have attracted numerous attention as the main components of the capacitors [8] . Mesoporous carbons(MCs), owing to their fascinating properties such as large pore volume, high surface area, tunable pore size, good conductivity and chemical ductility, have great potential for applications in a rapid increasing range of fields: catalyst support [9, 10] , pharmacy delivery and energy storage and conversion [11] . For EDLCs, MCs have their unique characteristics such as fast ion diffusion at high loading current density and efficient utilization of specific surface area when used as electrode materials [12] . Wu et al synthesized hierarchical porous carbons by pyrolysis and further activation based on Fir wood, and they found that that capacitive properties can be estimated by the BET surface area of porous carbons [13] . Xing et al prepared a series of ordered mesoporous carbons(OMCs) which contains hexagonal and cubic structure, and they found that OMCs with hexagonal structure not only provide high power density but also keep high energy density at the same time [14] . Liang et al also compared the electrocapacitive performance of OMCs with hexagonal mesostructure and DMC with disordered mesopore structure, they put emphasis on the contribution of pore morphology other than the pore size and insist that the pore morphology is a decisive factor [15] . Zhi et al prepared porous carbons derived from cycled waste tires and explore the effect of pore structure on the electrochemical performance for capacitor, and they found that the specific capacitance and rate capacity are dominated by the micropore volume and the ratio of mesopore/micropore, respectively [16] .
Although much work has been done, the correlation between pore structure and electrochemical performance is not clearly understood. The aim of present work here is to explore the capacitance of mesoporous carbon with various pore size and pore structure. Therefore, five kinds of mesoporous carbons were prepared using the reverse triblock copolymer [17, 18] .
ELECTROCHEMICAL MEASUREMENTS
Three-electrode configuration was used to measure electrochemical performance. Working electrodes were fabricated by the obtained samples between two pieces of circular nickel foams. A Ptsheet and Hg/HgO electrode were used as the counter and reference electrodes, respectively. The working electrode was prepared as follows: a mixture of the as prepared sample, Super P and polytetrafluoroethylene (PTFE) at a weight ratio of 80:10:10 was prepared into film and then pressed between two nickel foams to form the working electrode. Cyclic voltammograms (CV), galvanostatic charge/discharge (current density from 0.1 to 5 A/g) and electrochemical impedance spectra (EIS, frequency range from 0.1 Hz to 100 kHz) were recorded on a CHI 760e electrochemical workstation. The 6M KOH aqueous solution was employed as the electrolytes. The specific gravimetric specific capacitance C (F/g) was calculated from the discharge process of the charge-discharge curve under different loading current density according to C = It/mV, where I is the constant discharge current (A), t is the discharging time, m is the mass of electrode and V is the potential window.
RESULTS AND DISCUSSION

Structural properties of the mesoporous carbons
Five kinds of MCs (ranging from cage-like, cylinder, lamellar, hexagonal to cubic) were selected and their pore parameters are shown in table 1. From the table 1, it can be found that the BJH pore size have a wide range from 3.9 to 12.6 nm. Their pore volume varies 0.29 to 0.72 cm 3 /g because of their distinctive pore size and structure, and their ratio of mesopore changes from 38% to 94% accordingly. Fig.1a presents the CV curves of for five samples at a san rate of 5 mv/s, all samples show the near-rectangular shape which indicates that the almost ideal EDLC performance of samples [19, 20] . When the san rate increased to 50 mv/s, the rectangular shape almost could be kept which means that all mesoporous samples had good rate capability as shown in Fig.1b . To further investigate the electrochemical performance of these samples, constant charge-discharge experiments were carried out. Fig.1c and d demonstrate the charge-discharge curves under current density of 0.1 and 0.5 A/g, respectively, symmetric charge and discharge curves and no any redox reaction observed confirmed the ideal EDLC performance furthermore [21] . The specific capacitances of DMC-1, DMC-2, OMC-1, OMC-2 and OMC-3 are 85, 80, 117, 140 and 109 F/g at current density of 0.1A/g and 73, 63, 95, 119 and 65 F/g at current density of 0.5A/g, respectively, which were consistent the CV results. OMC-2 exhibits the highest specific capacitance perhaps based on the synergistic effect the hexagonal mesostructure and ordered pore arrangement. Another interesting phenomenon is that OMC-3 has the high specific capacitance at current density of 0.1 A/g than that of the other samples at current density of 0.5 A/g. The reason is OMC-3 has the cubic mesostructure, and the ion moves slower under the lower current density and the ion has enough time to diffuse in the micropore. However, the ion transfers fast under the higher current density in which case they may block the transfer of ion. This phenomenon is also observed in the reported work as a shown in Table 2 . The comparison was conducted by selecting similar structure as this work. It could conclude that the specific capacitance of OMC-2 are comparable to that of those reported OMCs [7, 12, 20] . The relationship current density vs specific capacitance is plotted in the Fig.2a . As can be seen in the Fig.2a , the specific capacitance value decreases gradually with the increasing current densities suggesting that less electrochemically active surface area of pores under higher current density. Similarly, the specific capacitance of the OMC-3 drops sharply than that of others. Specifically, all samples can retain more than 50% of their initial capacitance even at the current density of 5 A/g except the OMC-3(31%). The capacitive behaviors of these porous carbon samples were further studied by EIS with results shown in Fig. 2b . The interception of Nyquist curves with Z′axis at the high frequency represent the Ohmic resistance, which is the conductivity of the electrode [22] . The Ohmic resistance of DMC-1, DMC-2, OMC-1, OMC-2 and OMC-3 is about 0.8, 1.2, 2.2, 1.3 and 1.2 Ω·cm 2 , respectively. The diameter of the semi-arc is used to analyze the charge transfer resistance, which is significant at high current density for capacitor. It can be seen that the OMC-3 has the largest diameter, which further explained that the worst rate capability and consistent with the rate performance shown in Fig2a. The temperature on the electrochemical performance was also investigated, the DMC-1 and DMC-2 samples were carbonized at different temperature. The effect of the temperature on the parameters are listed in the table 3. It can be observed that both DMC-1 and DMC-2 have increasing surface area as the temperature increases. When the temperature reaches as high as 1600 °C, the surface area drops sharply possibly because of the disruption of pore structure. The ratio of mesopore volume and pore volume of DMC-2 are much higher that of DMC-1 due to the cylindrical straight pore. Fig.3a, b , e, and f show the CV curves of DMC-1 and DMC-2 carbonization under different temperature at sweep rates 5 mv/s and 50 mv/s, respectively. It can be seen that all samples give nearrectangular curve at both sweep rates except for the DMC-1-1600 and DMC-2-1600, which can be ascribed to low surface area resulted by the disruption the pore structure shown in Table 2 . The chargedischarge curves are demonstrated in Fig.3c, d, g and h, respectively. When the current density is 0.1 A/g, the specific capacitances increase from 85 to 92 F/g for DMC-1 and DMC-900, respectively. And then drops to 66 F/g when the temperature increases to 1200 °C. However, the specific capacitances of DMC-2, DMC-2-900 and DMC-2-1200 drop from 80 to 65 and increase to 79 F/g. The distinct phenomenon can be observed when the density is 0.5A/g, the specific capacitances of DMC-1, DMC-1-900 and DMC-1-1200 are 73, 77, and 40 F/g. But for DMC-2, DMC-2-900 and DMC-2-1200 are 63, 60, and 59 F/g. Obviously, the DMC-1-1200 has relatively small capacitive value compared with that of DMC-2-1200, which can be ascribed to the straight pore of DMC-2-1200. 
CONCLUSIONS
In summary, the effect of different pore morphology and temperature on the electrochemical performances of a series of porous carbons with cage-like, cylinder, lamellar, hexagonal and cubic are investigated. The electrochemical performances show that OMC-2 has the best specific capacitance (as high as 140 F/g at the density of 0.1A/g) compared with that of the other porous carbons owning the synergistic effects of pore morphology and ordered arrangement. Moreover, the effect of temperature shows that the suitable thermal treatment is beneficial to the specific capacitance, and too high temperature will damage to the pore structure which will lead to the lower specific capacitance.
